Introduction 42
Runners are regarded as being highly susceptible to chronic pathologies (Taunton et Patellofemoral pain syndrome presents as pain in the posterior aspect of the patella 48 mediated through overuse and excessive loading of the patellofemoral joint itself 49 during cyclical dynamic activities such as running (Besier et al., 2005) . Pain 50 associated with patellofemoral disorders can be debilitating and can severely restrict 51 runners' ability to train (Witvrouw et al., 2013) . Patellofemoral pain symptoms are 52 difficult to treat and can persist for many years (Nimon et al., 1998) . It has been 53 shown that between 45-64% of those who exhibit pain symptoms later present with 54 radiographic evidence of osteoarthritis at the patellofemoral joint (Crosslet, 2014) . and FF strike runners. Their findings showed that FF strike running was 75 characterized by the absence of an impact peak and also a reduction in the loading 76 rate of the vertical ground reaction force. Hamill et al., (2014) contrasted knee and 77 ankle joint stiffness characteristics in RF and FF strike runners. Their findings 78 indicated that FF runners exhibited increased knee stiffness and decreased ankle 79 stiffness in relation to RF strike runners. Kulmala et al., (2013) examined differences 80 in patellofemoral and Achilles tendon kinetics between RF and FF strike runners.
81
Their observations showed that rearfoot strike runners were associated with 82 significantly larger patellofemoral kinetics whereas forefoot strike runners exhibited 83 significantly greater Achilles tendon loads.
85
The observations of Kulmala et al., (2013) , lead to the notion that FF strike runners 86 may be associated with a reduced susceptibility to patellofemoral pain in relation to 87 those who adopt a RF pattern. This conjecture is supported by the findings of the 88 retrospective study conducted by Daoud et al., (2012) Therefore, the aim of the current investigation was to investigate the efficacy of a 10
95
week intervention which allowed runners to transition from a RF to a FF footstrike 96 pattern in runners with patellofemoral pain. Research of this nature may improve 97 understanding of conservative management of patellofemoral pain and also provide 98 runners with a key treatment mechanism. The current study tests the hypothesis that 99 following the 10-week intervention runners pain symptoms will improve. Nine male recreational runners volunteered to take part in this study. The mean 104 characteristics of the participants were: age 29.33 ± 4.21 years, height 1.72 ± 0.11 m 105 and body mass 69.11 ± 5.66 kg. Each runner initially exhibited a RF strike pattern 106 which was verified by the presence of an impact peak in their vertical ground reaction 107 force curve (Cavanagh & Lafortune, 1980) and also through individual examination of 108 participant's sagittal plane ankle positions at foot strike .
109
Participants were included into the study only if they showed symptoms of Following initial data collection each participant was given a structured programme of 120 running using a FF strike pattern and exercises designed to reduce the likelihood of 
Procedure
Participants were required to report to the laboratory on two occasions. On their initial visit to the laboratory they were required to complete ten running trials at 4.0 m/s. Running velocity was monitored using infra-red timing gates (SmartSpeed Ltd, Cardiff, UK) and a maximum deviation of 5% was allowed. The stance phase of the running cycle was delineated as the time over which a minimum of 20 N vertical force was applied to the force platform. Participants also completed the Knee injury and Osteoarthritis Outcome Score (KOOS) questionnaire in order to obtain a baseline measure of their knee pain. Finally, because FF strike running has been shown to increase the loads borne by the Achilles tendon (Kulmala et al., 2013) , participants were also asked to rate their Achilles tendon pain using the numeric pain rating scale (NPS). Following the 10 week intervention participants returned to the laboratory where the protocol was repeated. Participants wore laboratory footwear for their data collection (New Balance 1260 v2), in sizes 7-11 UK).
Kinematic information from the lower extremity joints was obtained using an eight camera motion capture system (Qualisys Medical AB, Goteburg, Sweden) using a capture frequency of 250 Hz. Dynamic calibration of the system was performed before each data collection session. Calibrations producing residuals <0.85 mm and points above 4000 in all cameras were considered acceptable. To measure kinetic information an embedded piezoelectric force platform (Kistler National Instruments, Model 9281CA) operating at 1000 Hz was utilized. The kinetic and kinematic information were synchronously obtained and interfaced using Qualisys track manager.
To quantify lower extremity kinematics, the calibrated anatomical systems technique was utilized (Cappozzo et al., 1995) . Retroreflective markers ( Newton-Euler inverse-dynamics, allowing net knee joint moments to be calculated.
Angular kinematics of the lower extremity joints were calculated using an XYZ (sagittal, coronal and transverse) sequence of rotations. To quantify joint moments segment mass, segment length, GRF and angular kinematics were utilized using the procedure previously described by Sinclair, (2014) . Discrete lower extremity joint kinematic measures were extracted for statistical analysis were 1) angle at footstrike, 2) peak angle and 3) relative range of motion (representing the angular displacement from footstrike to peak angle).
Patellofemoral loading was examined through extraction of peak patellofemoral 
Results
Tables 2-5 present the perceived pain and biomechanical data obtained before and after the 10-week transition. The results showed that the intervention significantly influenced indices of perceived pain and also the biomechanical data.
KOOS and Achilles tendon pain scores
The NPS data revealed significant increases in perceived Achilles tendon pain (Table 2) . Data from the KOOS survey showed significant reductions in 'pain', 'sport'
and 'function and daily living' ( Table 2 ). Importantly all of the significant alterations in perceived pain exceeded the threshold for minimal perceptible clinical change.
Patellofemoral and Achilles tendon kinetics
Significant reductions in peak patellofemoral contact force, peak patellofemoral contact pressure, patellofemoral instantaneous load rate and patellofemoral impulse were observed (Table 3 ; Figure 1ab ). In addition, increases in peak Achilles tendon force, Achilles tendon load rate, Achilles tendon instantaneous load rate and Achilles tendon impulse were observed (Table 3 ; Figure 1c ).
Tibial acceleration, loading rates and effective mass
Significant reductions in peak tibial acceleration, tibial acceleration load rate, tibial acceleration instantaneous load rate and instantaneous load rate were found (Table   4 ; Figure 2ab ). In addition, a significant reduction in effective mass was also found (Table 4 ).
Joint kinematics
No differences in hip kinematics were evident (Table 5; Figure 3 ). A significant reduction in sagittal plane knee relative range of motion was shown ( Table 5 ; Figure   3 ). In addition, at the ankle a significantly greater plantar flexion at footstrike was shown alongside a significant increase in sagittal plane relative range of motion (Table 5 ; Figure 3 ). At the ankle in the coronal plane a significantly larger degree of inversion at footstrike was shown alongside a significant increase in relative range of motion ( Table 5 ; Figure 3 ).
Discussion
The aim of the current investigation was to examine the effects of a 10-week transition from a RF to FF strike pattern in runners with patellofemoral pain. To the authors knowledge this represents the first comparative investigation to examine the influence of a FF strike transition in runners with knee pain. Research of this nature may provide new information to recreational runners regarding the conservative management of patellofemoral pain.
The first key finding from the current work is that the prescribed 10 footstrike transition program served to successfully alter the footstrike pattern of the runners. This is evidenced firstly by the significant alteration in ankle sagittal angle at footstrike following the 10-week intervention whereby all runners exhibited plantarflexion post transition. In addition, observation of the vertical GRF curve following the 10-week transition shows that the impact transient which was evident pre transition is no longer present following conversion to FF running. This protocol may therefore be used in future studies which seek to allow habitual RF runners to transition successfully to a FF pattern, although further work may be required to validate its effectiveness in running populations outside those examined in this investigation.
The current investigation tested the hypothesis that knee pain symptoms would be A further important finding from the current study is that tibial acceleration and loading rate parameters were also significantly attenuated as a function of the 10
week footstrike transition programme. It is proposed that this finding relates to the significant reduction in effective mass that was similarly noted following transition to In addition to reductions in patellofemoral pain symptoms, patellofemoral kinetics and impact loading, the 10-week transition to FF running also mediated significant increases in perceived Achilles tendon pain and loads experienced by the Achilles tendon during the stance phase. This finding agrees with those of Kulmala et al.,
(2013) and Sinclair, (2014) who noted increases in Achilles tendon loads when running using a FF strike pattern. Similar to the data from the KOOS questionnaire the magnitude of the increase in perceived tendon pain was shown to exceed the minimal threshold considered to be clinically relevant (Salaffi et al., 2004) . This finding indicates that converting to a FF running pattern does provide improvements patellofemoral pain symptoms, but that this may be at the expense of increased pain experienced by the Achilles tendon. Further research is needed to determine whether this pain persists or whether the Achilles tendon is able to adapt as the FF strike pattern becomes increasingly ingrained in the runner's motor program.
In conclusion, although previous analyses have investigated the biomechanical differences between RF and FF strike runners, there has yet to be any published research regarding the effects of transitioning from RF to FF striking in runners with patellofemoral pain. The current investigation therefore addresses this by providing a comparison of knee pain symptoms in RF strike runners with patellofemoral pain following a 10-week transition to FF running. The current study shows significant improvements in knee pain symptoms and significantly reductions in knee loading following the FF strike transition. However, the 10-week transition to FF running also mediated significant increases in Achilles tendon loading and perceived Achilles tendon pain. Therefore, the key implication from this study is that RF strike runners who suffer from patellofemoral pain can successfully transition to a FF running pattern and reduce their pain symptoms, however this may be at the expense of increased perceived pain at the Achilles tendon. I look forward to your review and comments of our work and sincerely hope that you enjoy reading.
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